Introduction {#S5}
============

In the United States, black women give birth to very low birth weight (birth weight\<1500g, VLBW) infants 2.6 times more often than non-Hispanic white (white) women,([@R1]) yet significantly fewer black premature infants receive mother's own milk (MOM, not including donor milk) compared to non-black premature infants.([@R2]) This disparity increases the risk of short- and long-term complications of prematurity for black VLBW infants,([@R3], [@R4]) because MOM feedings reduce the risk of these serious and costly complications in a dose-response manner. Mothers also receive a dose-related benefit of MOM feeding, with longer periods of lactation associated with reduced risks of health conditions including breast and ovarian cancer, diabetes, hyperlipidemia, hypertension, myocardial infarction, and premature death,([@R5]) all of which disproportionately affect black women.([@R6])

These findings have informed the American Academy of Pediatrics (AAP) recommendation that all infants, including VLBW infants, receive exclusive MOM feedings for the first 6 months of life. As a result, the initiation rates of MOM provision have increased in many institutions,([@R7]) and the racial and ethnic disparities in *initiation rates* have been significantly reduced or even abolished in some NICUs, although disparities in sustaining MOM provision remain.([@R8]) While many mothers of VLBW infants do not maintain MOM provision through to NICU discharge, significantly fewer black VLBW infants receive MOM feedings at NICU discharge (MOM at DC) compared to non-black infants. This disparity occurs despite high initiation rates and a goal to continue MOM provision after NICU discharge.([@R9], [@R10]) While the pattern of high initiation but low maintenance rates for MOM provision may appear similar to black mothers of healthy term infants, it is likely that the underlying causes for mothers of VLBW infants differ because these mothers are breast pump-dependent, experience incomplete mammary gland development, and frequently have health problems that predispose them to preterm delivery and delayed lactogenesis.([@R11], [@R12]) Although numerous studies have attempted to predict MOM feeding at discharge,([@R2], [@R9], [@R13]--[@R15]) limited research has targeted the racial disparity in this outcome.([@R13]) Our objectives were to identify specific factors that predict MOM feeding at NICU discharge for VLBW infants, and to identify specific factors that mediate racial and ethnic disparity in MOM feeding at NICU discharge.

Methods {#S6}
=======

This study is a secondary analysis of a prospective cohort study of 430 VLBW infants and their mothers who were enrolled between February 2008 and December 2012 at Rush University Medical Center (RUMC), that demonstrated high-dose MOM feedings reduced the risk and associated costs of potentially preventable morbidities in VLBW infants.([@R3]) All VLBW infants were eligible unless they met exclusion criteria (birth gestational age \[GA\] \>35 weeks, NICU admission at \>24 hours of age, initiation of feedings \>14 days of life, major congenital anomalies or chromosomal disorders, and maternal conditions that precluded MOM provision). For multiple gestations, one infant was randomly selected for inclusion. Of eligible infants, 93% were enrolled in this cohort study. Prospectively collected data for 415 mother-infant dyads were used for this secondary analysis, after removing 15 mother-infant dyads as detailed in the cohort diagram ([Figure 1](#F1){ref-type="fig"}). All mothers received standardized lactation care by employed NICU-specific breastfeeding peer counselors, all of whom are former NICU parents and represent the racial/ethnic composition of the NICU families. Mothers initiated MOM removal with a hospital-grade breast pump, were able to rent a subsidized hospital-grade pump for in-home use, and had access to a complimentary taxi service to weekly NICU lactation meetings. The RUMC Institutional Review Board approved this secondary analysis and the original cohort study, and signed informed consent was obtained from mothers for themselves and their infants for the original cohort study.

Data were prospectively collected using questionnaires and maternal and infant medical records. Maternal characteristics included: age, marital status, self-stated race/ethnicity (non-Hispanic black \[black\], non-Hispanic white \[white\], Hispanic, and Asian), low socioeconomic status (SES; yes/no for maternal eligibility for Special Supplemental Nutrition Program for Women, Infants, and Children \[WIC\]), highest education level, number of children in household, and home address. Six Asian mothers, who constituted a small proportion of subjects, were grouped with white mothers because of similar sociodemographic characteristics and lack of significant differences in pumping frequency, cumulative MOM volume through 2 weeks and rate of MOM at DC between Asian and white mothers (data not shown). Infant characteristics included sex, birth weight \[BW\], GA, small for GA status, and daily intake (mL) of MOM and formula from birth to NICU discharge. During the study years, donor human milk was not available for routine use and the hospital did not have Baby Friendly Hospital designation. MOM feeding at the time of infant discharge was classified based on feedings received on the last full day of hospitalization before NICU discharge: any MOM (exclusive MOM or some MOM and some formula) and no MOM (only formula). Addition of bovine fortifier did not influence categorization as exclusive MOM because standard nutritional practice in the study NICU was to discontinue fortification several days prior to discharge, thus infants received unfortified MOM at NICU discharge.

Data were categorized according to the study conceptual model ([Figure 2](#F2){ref-type="fig"}), in which the significant factors from each category are noted in bold. These five categories of factors included both NICU and non-NICU factors that have been previously associated with lactation outcomes or are plausible for a breast pump-dependent mother with a VLBW infant and a prolonged NICU hospitalization. *Social Factors*([@R16]) included maternal education,([@R17]) maternal smoking,([@R17], [@R18]) maternal perception of support and non-support for breastfeeding and pumping (both as a dichotomous variable of presence of support as well as identification of specific supportive/non-supportive person),([@R19]) baseline occupational status (unemployed, employed, student) and plan to return to work or school,([@R8]) first maternal MOM feeding goal after infant's NICU admission (any MOM or none),([@R10], [@R14]) and previous MOM feeding or formula feeding experience.([@R19])

*Neighborhood Structural Factors*([@R20]) were assessed by linking home addresses to communities and census tracts using ArcGIS version 10.2.2 (Esri, Redlands, CA). Factors included distances to NICU,([@R15]) public transportation, nearest WIC office, and nearest breastfeeding support as a marker of the neighborhood breastfeeding culture,([@R21]) access to a car,([@R15]) concentrated disadvantage,([@R21], [@R22]) and violent crime for the 2010 calendar year.([@R22]) *Maternal Health Factors*([@R23]) included pre-pregnancy body mass index,([@R11]) diabetes mellitus,([@R24]) hypertension and/or preeclampsia,([@R17]) mode of delivery,([@R12]) and multiple gestation. *MOM Pumping Factors* included type of breast pump (hospital grade versus portable electric versus hand expression),([@R7]) The remaining factors were collected using prospective pumping records maintained by a subset of mothers (n=205; 49%): time to pumping initiation after delivery,([@R14]) daily pumping frequency,([@R14], [@R25]) minutes spent pumping daily, and daily pumped MOM volume.([@R14]) Coming to volume (CTV) was defined as producing a total pumped MOM volume ≥500mL/day for at least one 24 hour period during the first 14 days postpartum.([@R23]) *Maternal Demographics* included maternal age, number of children in household, low SES defined as maternal eligibility for WIC, and marital status.([@R8], [@R9], [@R17])

Handling of Missing Data: {#S7}
-------------------------

Nearly half of participants (n=203; 49%) had complete data for all variables in the present analyses. Of the 212 participants with missing data, the majority (n=185; 87%) were missing only MOM pumping records because maintenance of the pumping record was encouraged but not mandatory for study participation ([Supplemental Table S1](#SD1){ref-type="supplementary-material"}). Characteristics of mothers with and without missing data were compared by Chi square and independent t tests ([Supplemental Table S2](#SD1){ref-type="supplementary-material"}). Missing data were imputed using chained equations([@R26]) to create fifty imputed datasets. Fifty imputations were selected because the fraction of missing information for the number of days pumped was 0.41.([@R27]) All variables in [Supplemental Table S1](#SD1){ref-type="supplementary-material"} were included in the imputation model to satisfy the assumption of missing at random. Estimates from the imputed datasets were then pooled to account for within-and between-dataset variation. Analyses were performed using *SAS* software (SAS Institute, Inc., N. Carolina).

Statistical Analysis: {#S8}
---------------------

Descriptive statistics included frequencies, percentages and mean ± SD. Bivariate analyses were conducted using chi-square and oneway ANOVA. Post-hoc pairwise analyses were conducted for variables that differed by race/ethnicity using Bonferroni adjustment to account for three pairwise tests. For each category of factors, multivariable binary logistic regression analyses adjusting for important infant variables (GA and 5 minute APGAR score as an acuity marker) were previously conducted([@R16], [@R20], [@R23]) to narrow the candidate factors from the five categories into the following significant predictors of MOM feeding at discharge: maternal education, breastfeeding support from mother's mother, MOM feeding goal, maternal smoking, access to a car, hypertension and/or preeclampsia, multiple gestation, mean daily pumping frequency, CTV, maternal age, number of children in household, SES, and marital status. These significant predictors from each category and infant covariates were entered into a multivariable logistic regression model ([Figure 2](#F2){ref-type="fig"}) using a two-step process intended to reduce the number of variables in the final model. In step 1, separate logistic regression models were estimated for each of the individual factors (Social, Neighborhood Structural, Maternal Health and Infant, and MOM Pumping) controlling for demographics. In step 2, demographic factors and only those individual factors that were significant at *p*\<.15 were included. Type 1 error was set at p\<0.05.

Mediation analyses were then conducted to identify specific factors that mediate and may partially explain the racial/ethnic disparity in MOM feeding at discharge. We identified candidate mediators that met two criteria: a) significantly related to race/ethnicity (see [Table 1](#T1){ref-type="table"}), and b) significantly predicted MOM feeding at discharge in the final multivariate model (see [Table 2](#T2){ref-type="table"}). All candidate mediators were then included in a multiple mediator model estimated using MPlus.([@R28]) Two binary dummy codes were utilized for race/ethnicity (white vs. black and Hispanic vs. black). A robust weighted least squares estimator allowed for estimation of indirect effects for binary and continuous mediators.([@R28]) Bootstrap confidence intervals using 5000 samples were calculated for all parameter estimates to account for the asymmetric standard errors of the indirect effects. Separate models were estimated for each of the 50 imputed datasets and mean parameter estimates and upper/lower bounds of the confidence intervals are presented.

Results {#S9}
=======

Of 430 enrolled mother-infant dyads, 415 were included in this analysis ([Figure 1](#F1){ref-type="fig"}). The 15 excluded mothers were more likely to be black (86.7% excluded vs. 51.1% included, p=0.025) and to have chorioamnionitis (40.0% excluded vs. 10.6% included; *p* = 0.001), cesarean delivery (93.3% excluded vs. 62.4% included; *p* = 0.015), and Type II diabetes (13.3% excluded vs. 1.9% included; *p* = 0.004). Excluded mothers were similar to included mothers for all other characteristics.

[Table 1](#T1){ref-type="table"} summarizes maternal and infant characteristics for the 415 mother-infant dyads and by race/ethnicity subgroups; all Hispanic mothers in the cohort were of white race. Compared to other mothers, black mothers were significantly younger, had fewer mean daily pumping sessions, and were less likely to be married. Among multiparous mothers, black mothers were significantly less likely to have breastfed or provided MOM. Black mothers were less likely to have access to a car than Hispanic mothers. Black mothers had lower education levels than white mothers while Hispanic mothers had lower education levels than both other groups. White mothers were less likely have low SES, more likely to smoke, and more likely to have a multiple gestation. Black infants were significantly less likely to receive MOM feeding at NICU discharge (23.1%) compared to white (42.2%) and Hispanic (43.4%) infants (p\<.001 for differences among the 3 groups).

Multivariate Logistic Regression Models {#S10}
---------------------------------------

Positive predictors of MOM feeding at discharge included older maternal age (OR 1.10 \[1.03--1.16\], p=0.002), mean number of daily pumping sessions during the first 14 postpartum days (OR 1. 71 \[1.24--2.35\], p =0.001), and CTV by postpartum day 14 (OR 8. 29 \[3.37--20.42\]\], p\<0.001). Significant negative predictors of MOM feeding at NICU discharge were low SES (OR 0.34 \[0.14--0.83\], p=0.019) and perceived breastfeeding support from the mother's mother (infant's maternal grandmother) (OR .47 \[0.25--0.87\], p=0.016) ([Table 2](#T2){ref-type="table"}). [Figure 3](#F3){ref-type="fig"} depicts the effect of low SES defined as WIC eligibility on rate of MOM at DC by racial/ethnic subgroups, with lower rates of MOM at DC noted for white and black infants compared to Hispanic infants. Sensitivity analyses were conducted removing Asian mothers form the white group. No significant differences were detected between model results with and without Asian mothers.

Mediation Analyses {#S11}
------------------

Three candidate mediator variables (maternal age, low SES, and mean number of daily pumping sessions) were included in the multiple mediator model ([Table 3](#T3){ref-type="table"}). Indirect effects for white vs. black mothers on MOM at discharge were significant for maternal age, low SES, and daily pumping frequency. White mothers were older, less likely to be of low SES and had greater daily pumping frequency. Each of these variables was more likely to be associated with infants' receiving MOM at DC. Indirect effects for Hispanic vs. black mothers on MOM at discharge were significant for maternal age and daily pumping sessions. Hispanic mothers were older and had greater daily pumping frequency, and each of these conditions was associated with infants' receiving MOM at DC. The indirect effect of Hispanic vs black mothers on MOM at discharge through low SES was non-significant.

Discussion {#S12}
==========

In our study, 98% of mothers of VLBW infants initiated MOM provision, with no racial/ethnic disparities in initiation rates. However, racial/ethnic differences were evident at NICU discharge with significantly fewer black VLBW infants still receiving MOM feeding, despite black mothers indicating they wanted to continue MOM feeding after NICU discharge.([@R10]) Our analysis included several factors that are not modifiable during the NICU stay and that have been previously associated with MOM feeding: maternal age,([@R2]) low SES,([@R18]) GA,([@R2]) number of children at home,([@R9]) marital status,([@R9]) maternal health,([@R30]) maternal education,([@R17]) and maternal smoking.([@R17], [@R18]) Of these, only maternal age and low SES emerged as significant non-modifiable predictors of MOM feeding at NICU discharge in this cohort. We also identified key predictors that are potentially modifiable during the NICU stay: pumping factors and family support. We then identified factors that mediate the racial/ethnic disparity in MOM feeding at discharge. Maternal age, low SES and pumping factors mediated the black-white disparity, whereas maternal age and pumping factors mediated the black-Hispanic disparity.

A significant modifiable factor consistent with previous studies([@R14], [@R25]) was daily pumping frequency during the first 14 days postpartum, which had a dose-dependent effect on MOM feeding at discharge. The mammary gland is especially sensitive to stimulation by the infant or breast pump during the transition from secretory differentiation to secretory activation and this stimulation is thought to have a programming effect on mammary secretory cells.([@R29]) Notably, 40% of mothers who kept logs pumped ≥5 times per day, which has been shown to be associated with longer lactation duration in mothers of preterm infants. Furman et al([@R14]) found that mothers of VLBW infants who continued lactation after 40 weeks post-menstrual age were more likely to pump ≥5 times per day at three weeks postpartum than women who had discontinued lactation by this time. Hill et al([@R25]) demonstrated a significant effect of pumping frequency in mothers of preterm infants, with pumping ≥6 times per day associated with increased odds of producing ≥500mL/day MOM by weeks 2--5 postpartum. However, only 2 (1%) of the mothers pumped our recommended frequency of 8--12 times per day, which may be partly attributed to the mother's own health concerns and/or the stress associated with preterm delivery and the NICU environment. Based on the paucity of studies, it is undetermined if the currently recommended frequency of 8--12 times per day is more efficacious then 5--6 times per day, but our data indicate it may be difficult to attain even with dedicated NICU-specific lactation care. CTV was also a significant predictor of MOM feeding at discharge in our study. Previous researchers have also reported that high volumes of MOM during the second week of life significantly predicted MOM adequacy at six weeks postpartum.([@R25], [@R30]) These findings indicate that evidence-based lactation care should be concentrated in the in the first two weeks postpartum for mothers of VLBW infants with a primary focus on frequency of pumping and the MOM volume target ≥500 mL/day. Given the complexity of pumping in mothers of VLBW infants, specific strategies and close monitoring of MOM volume are required.([@R31]) Intensive communication in the first 2 weeks may be our best intervention. Daily maternal follow-up by breastfeeding peer counselors, lactation consultants, or nursing in-person or via phone to monitor changes in pumped MOM volume, actual (not theoretical) pumping frequency, and practical challenges such as nipple discomfort that affect pumping can provide real-time advice and targeted support.([@R31])

A surprising finding was that mothers' perception of *support* for MOM feeding from their own mothers was *negatively* associated with MOM feeding at NICU discharge. While this was true for the entire cohort, we have previously shown that subgroup analysis demonstrated this was a significant predictor in the black subgroup, but not in the white or Hispanic subgroups.([@R16]) Despite this previous subgroup finding, it did not mediate racial/ethnic disparity in our cohort. It is well known that grandmothers have significant impact on infant feeding decisions.([@R32], [@R33]) However, our results contradict previous literature which reports a direct relation between support of family and friends and pumping behavior([@R15]) in mothers of infants in the NICU. A potential explanations is that grandmothers may want to facilitate their own daughter's well-being by supporting her paid work or education rather than prioritizing the daughter developing her maternal role.([@R32]) Additionally, grandmothers may regard breastfeeding as a barrier to their own ability to bond with their grandchild or may have inaccurate breastfeeding knowledge.([@R32]) A study conducted by Rossman et al found that teen mothers in the NICU reported that their mothers (infants' maternal grandmothers) supported the decision to provide MOM; however, when prompted to provide examples of support, the mothers shared grandmothers' specific comments and behaviors that were negative and undermined MOM provision efforts. Teen mothers relied on their mothers' advice despite grandmothers lacking breastfeeding experience or knowledge.([@R34]) Pilot studies of breastfeeding education for grandmothers in non-NICU settings demonstrate equivocal results, with grandmothers receiving the intervention demonstrating improvement in breastfeeding knowledge without accompanying changes in attitude.([@R35]) However, NICU breastfeeding education targeting grandmothers may be a strategy to address this modifiable factor and merits further investigation.

While previous researchers have focused on factors associated with MOM feeding at discharge, we extended this area of investigation to determining whether these factors differ between black and non-black mothers. We identified low SES/WIC-eligibility as a significant mediator of the black-white disparity in our cohort, meaning that poverty explained the difference in MOM receipt between black and non-black mothers at NICU discharge. These results are similar to Lee et al,([@R36]) who reported no black-white disparity in breastfeeding duration for mothers in Philadelphia after adjusting for multiple factors, including receipt of WIC benefits. However, our analyses did not address whether this finding is due to WIC serving as a marker for poverty([@R18]) or due to practices at WIC agencies. We theorize both are plausible, although the impact of WIC practices seems a less likely explanation because of the standardized NICU-specific lactation support available in the study NICU, including dedicated lactation care by breastfeeding peer counselors and the accessibility of subsidized rental of a hospital grade pump in the NICU. However, mothers receiving WIC benefits may have been influenced by policies that were common during 2008--12, since changes in WIC policies and food packages have been shown to impact breastfeeding decisions by mothers of primarily healthy infants.([@R37]) Due to missing data for household income (over 50% of subjects declined to answer the question or did not know), we were unable to separately control for WIC and poverty.

An important aspect specific to mothers of VLBW infants is that they are breast pump-dependent and incur additional costs,([@R31]) which are especially burdensome to low SES mothers. Obtaining a breast pump promptly is critical to establishing MOM supply over the first 2 weeks postpartum,([@R29]) which we have demonstrated is a strong predictor of continued MOM feeding at NICU discharge. However, pump purchase or monthly rental charges, even when subsidized, can be cost-prohibitive for WIC-eligible mothers. Providing free breast pumps to disadvantaged mothers may mitigate racial and ethnic disparity, and has previously been associated in with increased MOM provision in NICU mothers.([@R7]) Additional costs incurred by NICU mothers include potential loss of paid opportunities or having to pay others for caregiving or other household responsibilities during the approximately 2 hours spent pumping and cleaning pump equipment daily. A recent randomized pilot study of such an incentive resulted in significantly greater breastfeeding rates among WIC-enrolled Puerto Rican mothers during the first 6 months postpartum.([@R38]) Similarly, a large cluster randomized controlled trial of financial incentives to breastfeed demonstrated significantly higher 6--8 week breastfeeding prevalence in areas of the UK with low baseline breastfeeding prevalence.([@R39]) However, there remain concerns regarding the ethical implications of such an incentive, despite the fact that many of these mothers receive a similar incentive to *not breastfeed* in the form of free formula.([@R38], [@R39])

The black-Hispanic disparity in our cohort differed from the black-white disparity, as previously reported.([@R36]) While maternal age and pumping factors mediated the effect, there may be other unmeasured factors that could contribute to racial/ethnic differences. Other researchers have highlighted the importance of nativity and acculturation in breastfeeding outcomes.([@R33]) While we did not collect these factors, a sizeable minority of Hispanics in Chicago are foreign-born, and we speculate that this may have had an impact as the Hispanic WIC-eligible mothers had higher rates of MOM at discharge compared to black and white WIC-eligible mothers ([Figure 3](#F3){ref-type="fig"}).

Limitations: {#S13}
------------

Generalizability of results may be influenced by the fact that our sample is from a single urban NICU that serves predominantly minority, socioeconomically disadvantaged mothers. While we collected self-stated race, we did not code multiple races and selectively chose black if it was one of the multiple races that were reported. A strength of our study is the large number of black and Hispanic mothers who almost universally initiated lactation. However, roughly half of the cohort did not maintain pumping records, and rates of maintaining pumping records differed significantly by race/ethnicity such than black mothers maintained records at approximately half the rate of white or Hispanic mothers ([Supplemental Table S1](#SD1){ref-type="supplementary-material"}). Women who did not maintain pumping records also differed in other sociodemographic characteristics from the subset of mothers who maintained pumping records ([Supplemental Table S2](#SD1){ref-type="supplementary-material"}). Although missing data were imputed, having complete data for pumping records would strengthen these findings. Furthermore, there remains the potential that mothers who did not maintain pumping records may have pumped very infrequently and may have had low rates of CTV by postpartum day 14, since MOM at discharge was uncommon in the imputed group ([Supplemental Table S2](#SD1){ref-type="supplementary-material"}). Thus, mean number of daily pumping sessions and CTV over the first 2 weeks postpartum may have an even stronger effect than we detected. The use of WIC to define SES is another limitation of our study, since SES may be defined by multiple characteristics such as income, education (which was included as a separate demographic factor in our analysis), occupation or a combination of these. We selected WIC due to the high proportion of subjects for which this variable was available (99%) and its correlation with income due to eligibility criteria of annual income ≤185 percent of the U.S. federal poverty income limit. Our mediation analyses included a binary mediator (low SES), and even though we used an approach shown to be appropriate for binary mediators,([@R28]) this remains an area of ongoing debate. Thus, these results should be interpreted with due caution. Another limitation is that we used infant's receipt of MOM in the last full 24 hours prior to discharge as our primary outcome, which may over-report continued pumping if the mother had sufficient amounts of previously frozen MOM for feedings at time of discharge. Another limitation was that mothers rarely identified persons who *did not* support their breastfeeding choice, only those who *did* support their choice. This may reflect discomfort with reporting unsupportive friends and family. Finally, no data were collected on skin-to-skin care or direct breastfeeding which have been associated with increased MOM feedings in premature infants,([@R40]) although both are encouraged and standard practices in our NICU.

Conclusions {#S14}
===========

This study of a large recent cohort of mothers of VLBW infants identified the important modifiable factors of family support and pumping factors that were associated with MOM feeding at NICU discharge, and identified WIC-eligibility, pumping factors and maternal age as mediators of racial/ethnic disparities. These findings are important to the design of evidence-based interventions focused on improving rates of MOM feedings at NICU discharge. Although the importance of pumping frequency and early MOM volume have been previously documented, these data highlight the importance of close monitoring and developing and testing strategies to positively influence these modifiable factors. With the unexpected finding that perceived support from the infant's maternal grandmother was associated with *decreased* odds of MOM feedings, further study of grandmothers and the support they provide to their daughters is warranted. Given the paucity of literature regarding the potential influence of WIC on breastfeeding in mothers of VLBW infants, interventions to mitigate the impact of poverty in this vulnerable population that is at risk for so many potentially modifiable adverse health outcomes are urgently needed.
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###### 

Cohort characteristics by racial/ethnic subgroups

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic\                                                                                                          Cohort\            White/Asian\                                                                  Black\                                         Hispanic\                                      
  n(%) or M(SD)                                                                                                            (N=415)            (n=90)                                                                        (n=212)                                        (n=113)                                        
  ------------------------------------------------------------------------------------------------------------------------ ------------------ ----------------------------------------------------------------------------- ---------------------------------------------- ---------------------------------------------- ---------------------------------------------
  **Demographic Factors**                                                                                                                                                                                                                                                                                                 

  Maternal age (years)[\*](#TFN8){ref-type="table-fn"}                                                                     27.2 (6.5)         29.1 (5.8)^[d](#TFN7){ref-type="table-fn"}^                                   26.0 (6.3)^[e](#TFN7){ref-type="table-fn"}^    28.0 (7.0)^[d](#TFN7){ref-type="table-fn"}^    

  Low socioeconomic status (WIC eligible) (n=411)^[a](#TFN4){ref-type="table-fn"},[†](#TFN10){ref-type="table-fn"}^        305 (74.2%)        33 (37.5%)^[d](#TFN7){ref-type="table-fn"}^                                   179 (84.8%)^[e](#TFN7){ref-type="table-fn"}^   93 (83.0%)^[e](#TFN7){ref-type="table-fn"}^    

  Married                                                                                                                  158 (38.1%)        63 (70.0%)^[d](#TFN7){ref-type="table-fn"}^                                   34 (16.0%)^[e](#TFN7){ref-type="table-fn"}^    61 (54.0%)^[d](#TFN7){ref-type="table-fn"}^    

  Race/ethnicity                                                                                                           White/Asian        90 (21.7%)                                                                                                                                                                  

  Black                                                                                                                    212 (51.1%)                                                                                                                                                                                    

  Hispanic                                                                                                                 113 (27.2%)                                                                                                                                                                                    

  Highest education completed (n=411)^[a](#TFN4){ref-type="table-fn"},[†](#TFN10){ref-type="table-fn"}^                    \<High School      69 (16.8%)                                                                    8 (8.9%)^[d](#TFN7){ref-type="table-fn"}^      21 (10.0%)^[d](#TFN7){ref-type="table-fn"}^    40 (35.7%)^[e](#TFN7){ref-type="table-fn"}^

  High School                                                                                                              111 (27.0%)        17 (18.9%)^[d](#TFN7){ref-type="table-fn"}^                                   62 (29.7%)^[d](#TFN7){ref-type="table-fn"}^    32 (28.6%)^[d](#TFN7){ref-type="table-fn"}^    

  Trade or \<BA/BS                                                                                                         153 (37.2%)        31 (34.4%)^[d](#TFN7){ref-type="table-fn"},[e](#TFN7){ref-type="table-fn"}^   96 (45.9%)^[d](#TFN7){ref-type="table-fn"}^    26 (23.2%)^[e](#TFN7){ref-type="table-fn"}^    

  BA/BS or higher                                                                                                          78 (19.0%)         34 (37.8%)^[d](#TFN7){ref-type="table-fn"}^                                   30 (14.4%)^[e](#TFN7){ref-type="table-fn"}^    14 (12.5%)^[e](#TFN7){ref-type="table-fn"}^    

  Number of children in household (n=407)^[a](#TFN4){ref-type="table-fn"}^                                                 2.1 (1.4)          1.8 (1.2)                                                                     2.2 (1.6)                                      2.1 (1.3)                                      

  **Social Factors**                                                                                                                                                                                                                                                                                                      

  Initial goal for any HM (n=412)^[a](#TFN4){ref-type="table-fn"}^                                                         373 (90.5%)        80 (88.9%)                                                                    188 (89.1%)                                    105 (94.6%)                                    

  Breastfeeding support from mother's mother (n=396)^[a](#TFN4){ref-type="table-fn"}^                                      173 (43.7%)        37 (42.0%)                                                                    90 (44.8%)                                     46 (43.0%)                                     

  Previous breastfeeding experience (n=412)^[a](#TFN4){ref-type="table-fn"},^[\*\*](#TFN9){ref-type="table-fn"}            No (Primiparous)   220 (53.4%)                                                                   55 (61.1%)^[d](#TFN7){ref-type="table-fn"}^    104 (49.3%)^[d](#TFN7){ref-type="table-fn"}^   61 (55.0%)^[d](#TFN7){ref-type="table-fn"}^

  No (Multiparous)                                                                                                         76 (18.4%)         8 (8.9%)^[d](#TFN7){ref-type="table-fn"}^                                     54 (25.6%)^[e](#TFN7){ref-type="table-fn"}^    14 (12.6%)^[d](#TFN7){ref-type="table-fn"}^    

  Yes                                                                                                                      116 (28.2%)        27 (30.0%)^[d](#TFN7){ref-type="table-fn"}^                                   53 (25.1%)^[d](#TFN7){ref-type="table-fn"}^    36 (32.4%)^[d](#TFN7){ref-type="table-fn"}^    

  Maternal Smoking^[†](#TFN10){ref-type="table-fn"}^                                                                       120 (29.0%)        39 (43.3%)^[d](#TFN7){ref-type="table-fn"}^                                   61 (28.8%)^[e](#TFN7){ref-type="table-fn"}^    20 (17.9%)^[e](#TFN7){ref-type="table-fn"}^    

  **Neighborhood Structural Factors**                                                                                                                                                                                                                                                                                     

  Access to a car[\*\*](#TFN9){ref-type="table-fn"}                                                                        315 (75.9%)        71 (78.9%)^[d](#TFN7){ref-type="table-fn"},[e](#TFN7){ref-type="table-fn"}^   147 (69.3%)^[d](#TFN7){ref-type="table-fn"}^   97 (85.8%)^[e](#TFN7){ref-type="table-fn"}^    

  **Maternal Health and Infant Factors**                                                                                                                                                                                                                                                                                  

  Multiple gestation^[†](#TFN10){ref-type="table-fn"}^                                                                     60 (14.5%)         30 (33.3%)^[d](#TFN7){ref-type="table-fn"}^                                   22 (10.4%)^[e](#TFN7){ref-type="table-fn"}^    8 (7.1%)^[e](#TFN7){ref-type="table-fn"}^      

  Pre-eclampsia/ecl ampsia                                                                                                 111 (26.7%)        18 (20.0%)                                                                    62 (29.2%)                                     31 (27.4%)                                     

  Premature rupture of membranes^[b](#TFN5){ref-type="table-fn"}^                                                          99 (23.9%)         30 (33.3%)                                                                    46 (21.7%)                                     23 (20.4%)                                     

  Placental abruption^[b](#TFN5){ref-type="table-fn"}^                                                                     34 (8.2%)          4 (4.4%)                                                                      21 (9.9%)                                      9 (8.0%)                                       

  Non-pregnancy delivery factors^[b](#TFN5){ref-type="table-fn"},[c](#TFN6){ref-type="table-fn"}^                          11 (2.7%)          4 (4.4%)                                                                      4 (1.9%)                                       3 (2.7%)                                       

  Infant male sex                                                                                                          193 (46.5%)        41 (45.6%)                                                                    99 (46.7%)                                     53 (46.9%)                                     

  Infant gestational age (weeks)                                                                                           28.0 (2.4)         27.7 (2.5)                                                                    28.0 (2.4)                                     28.2 (2.4)                                     

  Infant small for gestational age                                                                                         84 (20.5%)         19 (21.8%)                                                                    44 (21.0%)                                     21 (18.6%)                                     

  5 minute APGAR score (n=413)^[a](#TFN4){ref-type="table-fn"}^                                                            7.6 (1.6)          7.6 (1.6)                                                                     7.5 (1.6)                                      7.9 (1.4)                                      

  **MOM Pumping Factors**                                                                                                                                                                                                                                                                                                 

  Mean daily pumping frequency (first 14 days) (n=209)^[a](#TFN4){ref-type="table-fn"},[†](#TFN10){ref-type="table-fn"}^   4.5 (1.3)          5.2 (1.2)^[d](#TFN7){ref-type="table-fn"}^                                    4.0 (1.2)^[e](#TFN7){ref-type="table-fn"}^     4.5 (1.3)^[d](#TFN7){ref-type="table-fn"}^     

  Coming to volume by day 14 (n=208)^[a](#TFN4){ref-type="table-fn"}^                                                      83 (39.9%)         19 (33.9%)                                                                    38 (50.0%)                                     26 (34.2%)                                     

  **MOM Provision**                                                                                                                                                                                                                                                                                                       

  Ever provided MOM                                                                                                        405 (97.6%)        89 (98.9%)                                                                    204 (96.2%)                                    112 (99.1%)                                    

  MOM feeding at NICU discharge^[†](#TFN10){ref-type="table-fn"}^                                                          136 (32.8%)        38 (42.2%)^[d](#TFN7){ref-type="table-fn"}^                                   49 (23.1%)^[e](#TFN7){ref-type="table-fn"}^    49 (43.4%)^[d](#TFN7){ref-type="table-fn"}^    
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BA/BS: Bachelor of Arts/Science; MOM: mother's own milk; NICU: neonatal intensive care unit; WIC: Special Supplemental Nutrition Program for Women, Infants and Children

Data are presented as mean (SD) or n (%)

Denotes number of subjects with complete data when data was missing for some subjects.

Included in imputation model only due to significant association with missingness.

These included medical illnesses unrelated to but affecting pregnancy, such as influenza or pneumonia.

For variables that differed significantly by race/ethnicity, pairwise differences were assessed with a Bonferroni correction. Cells with different symbols within a row were significantly different from one another.

Variables differed significantly by race/ethnicity, p\<.05

Variables differed significantly by race/ethnicity, p\<.01

Variables differed significantly by race/ethnicity, p\<.001

###### 

Composite Logistic Regression of Factors and MOM Feeding at NICU Discharge (N=415)

                                                                                   Step 1^[a](#TFN13){ref-type="table-fn"}^   Step 2^[a](#TFN13){ref-type="table-fn"}^                             
  -------------------------------------------------------------------------------- ------------------------------------------ ------------------------------------------ ----------- ------ ------ -------
  **Demographic Factors**                                                                                                                                                                          
  Maternal age[\*\*](#TFN17){ref-type="table-fn"}                                  **\--**                                    **\--**                                    **\--**     1.09   1.03   1.14
  Low socioeconomic status (WIC Eligible)[\*](#TFN16){ref-type="table-fn"}         **\--**                                    **\--**                                    **\--**     0.38   0.16   0.91
  Married                                                                          **\--**                                    **\--**                                    **\--**     1.03   0.50   2.08
  Race/ethnicity (Black as reference)                                              **\--**                                    **\--**                                    **\--**                   
   White/Asian                                                                     **\--**                                    **\--**                                    **\--**     0.91   0.37   2.25
   Hispanic[\*\*](#TFN17){ref-type="table-fn"}                                     **\--**                                    **\--**                                    **\--**     3.01   1.33   6.81
  Highest education (\< High School as reference)                                  **\--**                                    **\--**                                    **\--**                   
   High School graduate                                                            **\--**                                    **\--**                                    **\--**     0.95   0.64   1.40
   Trade school or \<BA/BS[\*](#TFN16){ref-type="table-fn"}                        **\--**                                    **\--**                                    **\--**     1.49   1.07   2.08
   BA/BS or higher                                                                 **\--**                                    **\--**                                    **\--**     1.19   0.89   1.59
  Number of children in household^[b](#TFN14){ref-type="table-fn"}^                **\--**                                    **\--**                                    **\--**     0.54   0.27   1.11
  **Social Factors**                                                                                                                                                                               
  Initial goal of any MOM                                                          **1.97**                                   **0.82**                                   **4.75**    2.31   0.69   7.70
  Breastfeeding support from mother's mother[\*](#TFN16){ref-type="table-fn"}      **0.56**                                   **0.34**                                   **0.90**    0.50   0.28   0.91
  Maternal Smoking                                                                 0.85                                       0.50                                       1.46                      
  **Neighborhood Structural Factors**                                                                                                                                                              
  Access to a car                                                                  1.19                                       0.68                                       2.09                      
  **Maternal Health and Infant Factors**                                                                                                                                                           
  Multiple gestation                                                               0.86                                       0.43                                       1.71                      
  Pre-eclampsia/eclampsia                                                          **0.62**                                   **0.36**                                   **1.07**    0.65   0.32   1.33
  Infant male sex                                                                  1.08                                       0.69                                       1.71                      
  Infant gestational age                                                           **1.10**                                   **1.00**                                   **1.21**    1.05   0.93   1.20
  5 minute APGAR score^[b](#TFN14){ref-type="table-fn"}^                           1.02                                       0.57                                       1.81                      
  **MOM Pumping Factors**                                                                                                                                                                          
  Mean daily pumping frequency (first 14 days)^[†](#TFN18){ref-type="table-fn"}^   **9.03**                                   **4.26**                                   **19.13**   7.46   3.26   17.07
  Coming to volume by day 14[\*\*](#TFN17){ref-type="table-fn"}                    **1.90**                                   **1.46**                                   **2.47**    1.70   1.26   2.29

BA/BS: Bachelor of Arts/Science; MOM: mother's own milk; NICU: neonatal intensive care unit; WIC: Special Supplemental

Nutrition Program for Women, Infants and Children

Step 1 tested individual factors (Social, Neighborhood Structural, Maternal Health and Infant, and MOM Pumping) controlling for demographics. Factors in **bold** in Step 1 were significant at *p*\<.15 and were included in Step 2.

Log-transformed values used for analysis

For Step 2:

p\<.05;

p\<.01;

p\<.001

###### 

Mediation Analyses

  Race/Ethnicity^[1](#TFN19){ref-type="table-fn"}^ Mediator   Race/Ethnicity → Candidate mediator   Candidate mediator → MOM Feeding at NICU Discharge   Indirect Effect^[2](#TFN20){ref-type="table-fn"}^                                  
  ----------------------------------------------------------- ------------------------------------- ---------------------------------------------------- --------------------------------------------------- ------------------- ---------- -----------------
  **White**                                                                                                                                                                                                                                 
   Maternal Age                                               **3.06**                              **1.61 : 4.54**                                      **0.04**                                            **0.02 : 0.06**     **0.13**   **0.06 : 0.23**
   Low SES                                                    **−1.35**                             **−1.70 : −1.01**                                    **−0.51**                                           **−0.65 : −0.34**   **0.68**   **0.44 : 0.96**
   Mean daily pumping frequency                               **1.17**                              **0.87 : 1.48**                                      **0.34**                                            **0.25 : 0.42**     **0.40**   **0.26 : 0.57**
  **Hispanic**                                                                                                                                                                                                                              
   Maternal Age                                               **1.92**                              **0.43 : 3.52**                                      **0.04**                                            **0.02 : 0.06**     **0.08**   **0.02 : 0.17**
   Low SES                                                    −0.07                                 −0.43 : 0.30                                         **−0.51**                                           **−0.65 : −0.34**   0.04       −0.15 : 0.22
   Mean daily pumping frequency                               **0.54**                              **0.25 : 0.83**                                      **0.34**                                            **0.25 : 0.42**     **0.18**   **0.08 : 0.31**

Black is the reference category.

Indirect effect of race/ethnicity on MOM feeding at NICU discharge through candidate mediators is calculated as the product of the other coefficients. b~(Indirect\ Effect)~ = b~(Race/Ethnicity~ → ~Candidate\ mediator)~ × b~(Candidate\ mediator\ →\ MOM\ Feeding\ at\ NICU\ Discharge)~

Significant effects are noted in **bold** font.

MOM: mother's own milk; NICU: neonatal intensive care unit; SES: socioeconomic status
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